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Abstract 
7)$02' 0HWDO 2UJDQLF 'HSRVLWLRQ XVLQJ 7ULIOXRURDFHWDWHV SURFHVV LV RI FRQVLGHUDEOH SUDFWLFDO FRQFHUQ IRU IXWXUH
DSSOLFDWLRQV VLQFH LW FDQ IDEULFDWHKLJKSHUIRUPDQFH FRDWHG FRQGXFWRUV &&VZLWK ORZFRVW:HKDYHSUHYLRXVO\ UHSRUWHG WKH
VXFFHVV LQ IDEULFDWLQJ D VKRUW VDPSOH RI%D=U2 %=2 QDQRSDUWLFOHV GLVSHUVHG<*G%D&X2y <*G%&2 WKLFN ILOPV
ZLWKKLJKIFYDOXHVXQGHUPDJQHWLFILHOG$FPZ#.77RPDNHWKLFN&&VIRUORQJOHQJWKLWLVLPSRUWDQWWRVWXG\
WKHHIIHFWRISURFHVVSDUDPHWHUVYDU\LQJZLWK WLPH ,Q WKLV VWXG\ZH LQYHVWLJDWHG WKHHIIHFWRI FRDWLQJVROXWLRQ FKDUDFWHULVWLFV
VXFKDVYLVFRVLW\HWFZKLFKFRXOGYDU\ZLWKWLPHGXHWRHYDSRUDWLRQRIVROYHQWRQWKHWUDQVYHUVHILOPWKLFNQHVVGLVWULEXWLRQE\
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1. Introduction 
7)$02'SURFHVV LVSURPLVLQJ IRU IXWXUHDSSOLFDWLRQV VLQFH LW FDQ IDEULFDWHKLJKSHUIRUPDQFH ILOPVZLWK ORZ
FRVW > @ ,QRUGHU WRSUDFWLFDOO\XVH WKHVH VXSHUFRQGXFWLQJ ILOPV IRU PDQ\ DSSOLFDWLRQV VXFK DV60(6 URWDWLQJ





WKLFN ILOPV ZLWKRXW FUDFN IRUPDWLRQ LW LV UHTXLUHG WR LPSURYH WKH XQLIRUPLW\ RI ILOP WKLFNQHVV LQ WKH WUDQVYHUVH
GLUHFWLRQ 7KH ILOP WKLFNQHVV GLVWULEXWLRQ ZDV DIIHFWHG E\ WKH VKDSH DQG VL]H RI WKH WXEHV ZKLFK ZHUH VHW DW WKH
VROXWLRQVXUIDFHVHH)LJD >@7KHILOPWKLFNQHVVQHDU WKHHGJHZDVSURMHFWLQJ LQ WKHFDVHRI ODUJHGLDPHWHU
WXEHV WKRXJKWKDWGHFUHDVHGE\XVLQJVPDOOGLDPHWHUWXEHVGHFUHDVHG VHH)LJVEF$GGLWLRQDOO\ZHKDYH
VXFFHVVIXOO\ IDEULFDWHG WKH FUDFNIUHH WKLFN ILOP ZLWK PP WKLFNQHVV ZKLFK KDV XQLIRUP ILOP WKLFNQHVV LQ WKH
WUDQVYHUVHGLUHFWLRQE\ WKHQHZGLSFRDWLQJ WHFKQLTXHXVLQJ WKHFRPELQDWLRQRI ODUJHDQGVPDOOGLDPHWHU WXEHV LQ






7KH %=2 GRSHG <*G%&2 ILOPV ZHUH GHSRVLWHG RQ &H2/D0Q2,%$'0J2<2*G=U2+DVWHOOR\
&70VXEVWUDWHVPPZLGWKE\WKH7)$02'SURFHVV7KH<*G%&2VROXWLRQVIRUFRDWLQJZHUHSUHSDUHGE\
PL[LQJGHVLUHGDPRXQW<*G%D&X=U RI<*GDQG%DWULIOXRURDFHWDWHVDQG&XDQG
=UHWK\OKH[DQDWHV ,Q WKLV VWXG\ WKH YLVFRVLW\ RI WKH FRDWLQJ VROXWLRQ ZDV VHOHFWHG DV WKH LQGH[ RI WKH VROYHQW




RYHUDOO ILOP WKLFNQHVV RI WKH SUHFXUVRU WDSHV ZDV PHDVXUHG E\ ,QGXFWLYHO\ &RXSOHG 3ODVPD 2SWLFDO (PLVVLRQ
6SHFWURPHWU\ DV  GHQVH<*G%&2 WKLFNQHVV DQG WKDW ZDV PP7KH ILOP WKLFNQHVV GLVWULEXWLRQ DQG WKH
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3. Results and discussion 
)LJV  D E DQG F VKRZ WKHPHDVXUHG D DQG VFKHPDWLF E F WKLFNQHVVGLVWULEXWLRQV LQ WKH WUDQVYHUVH
GLUHFWLRQGHULYHGIURPWZRNLQGVRIWKHFRDWLQJVROXWLRQ$VVKRZQLQ)LJDWKHWKLFNQHVVGLVWULEXWLRQVRIWKH
FRQYHQWLRQDO VROXWLRQ DQG WKH FRQFHQWUDWHG RQH ZHUH GLIIHUHQW IURP HDFK RWKHU 7KH ILOP GHULYHG IURP WKH
FRQYHQWLRQDOVROXWLRQKDGXQLIRUPWKLFNQHVVGLVWULEXWLRQDVVFKHPDWLFDOO\VKRZQLQ)LJE2QWKHRWKHUKDQG
WKHILOPSUHSDUHGE\WKHFRQFHQWUDWHGVROXWLRQKDGQRQXQLIRUPWKLFNQHVVGLVWULEXWLRQWKDW LV WRVD\FRQYH[VKDSH



















FRDWHG DQG FDOFLQHG XQGHU WKH FRQGLWLRQV RI FRQYH[ VKDSH VXFK DV FRQFHQWUDWHG VROXWLRQ PDQ\ FUDFNV DQG
GHODPLQDWLRQVZHUHREVHUYHGQHDUWKHFHQWHURIWKHILOPDVVKRZQLQ)LJD&RPSDULQJ)LJEZLWK)LJ
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,QJHQHUDOZKHQ WKHFRDWLQJ LV WDNHQSODFHZLWK UHODWLYHO\ ODUJHGLDPHWHU WXEH WKH VROXWLRQQHDU WKH WDSHHGJH
WHQGVWRGU\IDVWHUWKDQWKDWDWWKHFHQWHURIWKHWDSH,QWKLVFDVHWKHWKLFNQHVVGLVWULEXWLRQFRXOGKDYHDSURMHFWHG
VKDSHDWWKHHGJHVFRQFDYHVKDSHVLQFHWKHVROXWLRQDWWKHFHQWHUFRXOGIDOOGRZQXQWLOWKHODWHVWDJH+RZHYHULI
WKH VPDOO GLDPHWHU WXEH LV XVHG WKH FRQYH[ ILOP VKDSH LV VRPHWLPHV REVHUYHG EHFDXVH RI WKH H[LVWHQFH RI WKH





YDU\ LW LV GLIILFXOW WR UHDOL]H XQLIRUP WKLFNQHVV GLVWULEXWLRQ &RQVLGHULQJ WKH UHVXOW VKRZQ LQ )LJ  D ODUJHU
GLDPHWHUVKRXOGEHVHOHFWHGIRUFRDWLQJFRUUHVSRQGLQJWRWKHHYDSRUDWLRQRIWKHVROYHQW
$FFRUGLQJWRWKHDERYHNQRZOHGJHWKHVXLWDEOHFRPELQDWLRQVRIWXEHVL]HZHUHGHWHUPLQHGDQGDGMXVWHGHYHU\





:HKDYHEHHQGHYHORSLQJ WKH SURFHVVRI IDEULFDWLQJ WKHKLJKSHUIRUPDQFH%=2QDQRSDUWLFOH GRSHG<*G%&2
WKLFNSUHFXUVRUILOPZLWKORQJOHQJWK/RQJSURFHVVLQJWLPHPLJKWDIIHFWVRPHFKDUDFWHULVWLFVRIFRDWLQJVROXWLRQIRU
H[DPSOHYLVFRVLW\VXUIDFHWHQVLRQHWFGXHWRHYDSRUDWLRQRIVROYHQW:HLQYHVWLJDWHGWKHHIIHFWRIHYDSRUDWLRQRI
VROYHQW RQ WKH ILOP WKLFNQHVV GLVWULEXWLRQ LQ WUDQVYHUVH GLUHFWLRQ7KH ILOP WKLFNQHVV GLVWULEXWLRQ ZDV DIIHFWHG E\
FRQFHQWUDWLRQRIWKHFRDWLQJVROXWLRQFRQFHQWUDWHGVROXWLRQPDGHWKHILOPWKLFNQHVVGLVWULEXWLRQFRQYH[7KHFRQYH[
ILOP ZDV FUDFNHG DQG GHODPLQDWHG WKHUHIRUH ZH DGMXVWHG WKH WXEH GLDPHWHU FRUUHVSRQGLQJ WR WKH FKDQJH RI WKH
VROXWLRQFRQFHQWUDWLRQ WRREWDLQXQLIRUP WKLFNQHVVGLVWULEXWLRQ$VD UHVXOWZH VXFFHVVIXOO\ IDEULFDWHGFUDFNDQG
GHODPLQDWLRQIUHH%=2GRSHG<*G%&2SUHFXUVRUWDSHVZLWKPPWKLFNQHVVRYHUPLQOHQJWK7KHSUHFXUVRU
WDSHVZHUHFU\VWDOOL]HGE\WKHEDWFKW\SHIXUQDFHDW6:&&6KRZD&DEOH6\VWHPV&R/WG7KHKLJKFKDUDFWHULVWLFV
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